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| taking the equation of the equinoQal points inte 


the account ſtill remains uncorrected by him; and 


as I flatter myſelf, that what is ſaid here may tend to 


ſet the whole matter in a clear light, I apprehend 


the publication of theſe remarks may ſtill be proper. 


The French Almanack, called the Connoiſſance des: 
Mouvements Celeſtes, hath been deſervedly eſteem- 
ed by aſtronomers, as the moſt complete publication 
of its kind. Its preſent learned editor M. Delalande 
hath rendered its uſe more extenfive by making the 
calculations from the lateſt and moſt approved tables, 
and alſo adding ſuch explanations of them, as, at: 
the ſame time, lay open before his readers the moſt: 
conſiderable improvements of modern aſtronomy. 
Nevertheleſs, as the beſt mathematicians are not in- 
fallible, ſo I have reaſon to think I have diſcovered 
ſome errors in M. Delalande's method of computing 
the equation of time in this ephemeris, or, which 
comes to the ſame thing, the mean time, at the in- 
ſtant of apparent noon 

M. Delalande ſays, page of the Connoiſſance for 
1760, which he repeats in the publications of other 
years, that, to calculate exactly the difference between 
mean and true time (that is to ſay the equation of 
« time) at the inſtant of apparent noon, the ſum of 
the equation of the ſun's centre, the difference 
«* between his longitude and right aſcenſion, the lunar 
equation, the equations of Jupiter and Venus, and 


A that of the preceſſon of the equinoxes, with their 


 # 
- 


oper ſigns, muſt be converted into mean ſolar time. 
He adds, that it was impoſſible, before this time, 
to obtain the equation of time exactly; 1ſt, becauſe 


E hitherto no account has been made of the four 


46 little 


C57 


© Mb Gin vations, the ſum of which may 
Proc of time; 2dly, becauſe it hes 

« — * practice to convert the equation of the 
fun's centre, and the difference between his right 
aſcenſion and longitude into time of the Primum 
Mobile, inſtead of converting them into mean 
& ſolar time, which, ſays he, may produce an error 
« of two ſeconds and a half; 3dly, becauſe the 

equation of the ſun's centre was not known ex- 
« aQly before, every minute of which anſwers to. 
« ſour ſeconds in the equation of time.” 

I readily agree with M. Delalande, that the equa- 
* of time could not be had ſo exactly formerly, as 
it may now, when we have a much more exact 
theory of the ſun, and are lately made acquainted 
with new equations of his motion. I cannot, how- 
ever, aſſent to his poſition, that the equation of the 
equinoctial points is to be taken into this account, 
8 r with the other equations, ſince this is not an 
inequality in the ſun's motion, but ariſes from a mo- 
tion of the equator itſelf ; yet of ſuch a kind as can · 
not accelerate or tetard' the coming o the · ſun, or 
any ſtar lying within the tropics, to the meridian, by 
above a quarter of a ſecond of time. This will; 
perhaps, appear in a good meaſure plain, if it be 
conſidered, that the diurnal motion of the earth 
round its axis is neither accelerated nor retarded by 
the action of the ſun and moon in producing the pre- 
ceſſion of the equinoxes, and variations of the incli- 
nation of the earth's axis to the ecliptic. The effect 
of theſe actions is, that the terreſtrial pole, each day, 
deſcribes a ſmall arc of a-circle about the centre. of 

3 in the plane of a celeſtial meridian paſſing 
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is one of its own diameters. Topo oy 
as well of the minuter and periodical nutations, ag, 
of the regular and perpetual motion of the carth's 
axis about the pole of the, ecliptic, obſerved .in all. 
ages, on which the eg gen the 
equinoxes depends. 

But, to illuſtrate more fully the in queſtion, 
let P, [ſce TAB. xx. ] repreſent the > of the. 
celeſtial equator, which ſuppoſe to be tranſlated, in 
any certain time, from P to Q, through the ſmall 
ſpace P Q, upon the meridian PD, by: the e 
of the fun — 2am let A be the equinoctial point 
of aries, and S the ſun or ſtar. It is evident, that, 
as the rotation of the earth round its axis is no wa 
affected, the tranſlation of the celeſtial pole from P 

to Q along the arch P Q, of the celeſtial meridian 
P D, will occaſion no alteration in the time of any 
given meridian of the earth coming to the fixt ce. 
Teſtial meridian P D. nor conſequently in the time of 
the ſun or ſtars, when lying in this meridian, ap- 
pearing to paſs the meridian of the given place; 
contrary to what ſhould follow from the method. of 
com the equation of time, uſed in the Con, 
fance des Mouvements Celeſtes 3 according to 
which, 3 long as the equation of t 2 is 
equation of time» mult be affected 
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EFF - 
But, if che ſun or ſtar lie not in the celeſtial 
dian P P, but in ſome other meridian P 8, at 
then the ſpherical angle 8 P D is the diſtance of 
fun from the. meridian PD, when: the pole is at 
and S. Q is his diſtance from the 2 malig, 
when the pole is tranſlated. to Let PT, ** 


meeting in T, be tangents of t e 8. 
8, in Pand Q,; T QD being ox the exon nog 


of che rectilineal triangle T P Q, the angle, P T 
is TQP.—+ TPD = SAD SP , and, 
therefore, is a meaſure of the alteration of the te 
of any meridian of the earth's coming to the ſun: at 
8. produced by the tranſlation of the pole from P to 
Qu; Now the fine, of, B T Q. to the 1 5 of T PO, 
0 PQ T Qzz: whence, calling the radius unity, 
and taking H & on account of its ſmallneſs, the 
fine of P Guinea. angle P T= the ſine of 


Pf we babe F T Q — 2 2 Sede 


a7 HQ, 


Sanne "th e x. the * N the right af- 
cenſion. of the - . N af W from. Ke. meri-. 
diam in which the pole moves, —— — tlie tang gent off the 
polar diſtance ar, which is the ſame hg X the 
tangem of the declination. Therefore, © as P Q,. 

from; the» nutation of the earth axis, never 
77 value of 21 
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alſo be thou 


noctial point: therefore the ſun's mean right 


more properly, from the a 


[ 3 5 
M. Delude s method, it would ſometimes, namely 
when at its maximum of 18”, 1 e, eit, 1 x 


| ſecond of time. 11 


But, tho this demos d y bs aditiitted tobe 
juſt, yet ĩt may perhaps be aſked,'wherein lay the fault 
of the method of computation here cenſured, and 
er the time of the ſun's coming to the meri- 
dian is not r 1 55 rant A his right aſcenfion ? It may 
that the true manner of 

computing N of time, from the ſon's 
right aſcenſion, ſhould be ſhevyn. evi 
Firſt, let it be obſerved, that . the pole is at 


P., A is the equinoctial point, and, when the pole 


is tranſlated to Q, ſome other point B is the equi- 
aſcen- 
fion UPA is reckoned from A, ani his apparent 
right aſcenſion B Q8, computed from his longitude, 
corrected by the equation of the equinoxes A B, or 
B 8, is reckoned from another point B. Now the 
equation of time is proportional to the difference be- 
tween the ſun's mean and true right aſcenſion,” both 
reckoned from the fame point; ſo that if the ſan's 
mean right aſcenſion is reckoned from A; his apparent 
right aſcenſion, in this caſe, ſhould be reckoned from 


A too; or if the apparent right aſcenſion is reckoned, 


parent inox B, 
bis mean right aſcenſion "weep 4p" te 


Thould be 
reckoned from B likewiſe. For it plain, from 


what has been ſaid above, that no ſmall motion of 


the pole P can at all affect the abſolute time of a 
ſtar in the equator's coi to the meridian of any 
place ;, for, the tangent 2 then becoming infinite, 


the angle F Q vaniſhes ; thereſbre the mean w_ 


n 
nox A will come to the meridian at the ſame inſtant 
of abſolute time, as if the pole had not been 


tranſlated from P to Q; and the difference of time 
between tlie ſun 8 coming to the meridian, and a2 
fictitious ſun U, ſuppoſed to move unifortnly in the 


equator, with a motion equal to the ſun's mean mo- 
tion in longitude, or the equation of time will be there 


fore meaſured by A QS = AP U, the difference of 


het right aſcenſions reckoned from the fame point 


It will alfo,-by the like reaſoning, be meaſured 


by BQS<B PU, the difference of their right aſcen- 
ſions reckoned from the fame point B; for B being 
the equinox, when the pole is at Q, the abſolute 
time of the point B pafling the meridian of any 
place will remain the fame as if the pole had conti- 
nued at P; whence the Propoſition eaſily follows, in 
like manner as above. 

It may be now proper to ſhnew how the equations 
of time, as affected by the nutation of the earth's 
axis, ought to be computed. This may be done two 
ways. The = firſt follows from what has been juſt 
« ſaid down; correct the mean right aſcenſion of 
« the ſun U P A, by the preceſſion of the equinoxes 
« in right aſcenfion AP (which is always to the 
« preceſſion | in longitude B A, as coſine of the obli- 
quity of the elt 
13 I. ch the difference of the ſun's mean right 


2 8 2 


« equation of time.” 

Other wife the effect 6 Ale ni@tidn of the earth's. 
axis upon the "equatish' of tine, If thought deſerv- 
En e 91 "oF a Tron of 
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tic, to the radius, or as 12 to. 


alcenſion thus correctec BP U, and the fun's appa- 
rent aſcenſion BQS, turned into time, is the true | 
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time, might be computed from the angle 10. 
PQ x fine of PD. TQ, which, ſuppoſing 
the nutation of the pole to be performed in a AI | 
whoſe radius is 80%, or a mean between the two con- 
jugate ſemi-axes of the elli pſis, in which it really 
moves, is = 8” x tangent of the ſun's declination 
x coline of the difference of ſun's right aſcenſion, 
and the longitude of the moon's aſcending node, 
But this is not the only miſtake in the computa- 
tion of the equation of time in the Connoiſſance des 
Mouvements Celeſtes, though it may exceed one 
ſecond of time. BI. Delalande e fays that the ſum of 
the equation of the ſun's centre, the difference be- 
tween his longitude and right aſcenſion, and the 
ſum of the four little equations, muſt be converted 
into mean ſolar time, in order to find the equation, 
of time; and adds, that no exact equation table 
could be had, beſore this time, for 3 reaſons, 
one of which is, that it has al ys been the practice | 
to convert the ion of the ſun's centre . 
difference between his longitude and right aſcenſion 
into time of the Primum Mobile, inſtead of mean 
ſolar time, which, ſays * oy, N an error a 
of 2 ſeconds.  .. 
Now I 6 „ 
without ſome reluctance, and only from the fulleſt 
roof, allow all the mathematicians and aſtronomers, 
En to have. been g the man- 
-ner of converting the quantities. above-mentioned 
into time, ſo I can find no reaſon to conclude. fo 
from what has been cited above: on the contrary, 
from a full conſideration. of the 6 geſts 1 apprehend - 
the method hitherto uſed — „ 


N S. a 1 4 8 3 * 
3 _ * „ 4 2 d ** I G 4 wy * 1 " » 3 Lis + 268 Ar · > 
- x Si 4 2 Lie 5 " 12 * S 8 . : WA . 4 p "a * 17 — 2 ” 4 8 + 2 ul 2 us 
N — 8 1 4 U op, > e 2 N + Sod es wo 7 er * # F257 METS” 4. % "> , aw 
OO OR ORR Ot mm ⅛ ⁰t¹ i! ²˙öñ̃² ¾Üͤui..⏑—ͥ—d Ä ˙̃¹jm]ͤ !! ] 
|; . v ** 5 NWS * 8 4 1 9 * 9 , nd * 4 


1 ny 
be jult, and that the author has himſelf fallen into am 
equal miſtake with that of which he accuſes them. 
But, in order to ſet this matter in a clearer light, 
it will be firſt neceſſary to conſider motion and time, 
relatively to each other; for, except this be done, it 


will be impoſſible to underſtand any thing preciſe- . 


from converting a certain number of minutes and 
feconds into mean ſolar time, or time of the Primum 
Mobile. 3 6 

There are three different kinds of time uſed by 
aſtronomers, ſidereal time, apparent ſolar time, and 
mean ſolar time. The interval between the tranſit 
of the firſt of Aries acroſs the meridian one day, and 
its return to it the next day, is called a ſidereal day, 
which is divided into 24 ne or hours, and 
the hours into minutes, Sc. is time is ſhewn by 
a clock regulated to agree with the tranſit of the ſtars. 
acroſs the meridian. The interval between the 
tranſit of the ſun acroſs the meridian one day, and: 


his tranſit the next day, is called an apparent ſolar 


day, which is divided into hours, minutes, Cc. of 


apparent time. The ſolar day, it is manifeſt, and 


its hours, minutes, &c. are of different lengths, at 


different times of the year: on account of which 


inequality, a good clock, which keeps equal time, 
cannot long agree with the ſun's motion, which is 
anequal. Therefore, aſtronomers have deviſed an 
imaginary time, called mean ſolar time; which is 
what would be pointed out by the ſun, if his motion 
in right aſcenſion from day to day was uniform, or, 
in other words, it is what would be pointed out by a 
fifitious ſun or planet ſuppoſed to move uniformly- 


I the equator, with 5 motion; equal to the mean 
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3 „ 
motion of the ſun in longitude, its diſtance from the 
firſt point of Aries (meaning hereby the mean equi- 
nox) being always equal to the mean longitude of 


the ſun: and as apparent noon. is the inſtant. of the 


true ſun's coming to the meridian, ſo mean noon. is 
the inſtant at which this fictitious planet would come 
to the meridian. The interval between its coming to 
the meridian on any two ſucceſſive days is a mean 
ſolar day, which is divided into hours, minutes, Ce. 
of 'mean ſolar time; all which it is manifeſt will pre- 
ſerve the fame le at all times of the year. 
Ihe equation of time, at the inſtant of apparent 
noon, . or of the ſun's paſſing the meridian, being 
equal to the difference between mean time and 12 


hours, is alſo equal to the interval between the mean 


and true ſun's paſſing the meridian expreſſed in mean 
ſolar time: to find which, we have the diſtance of 
the mean ſun from the meridian, at the inſtant of 
apparent noon, equal to the difference between the 
ſun's N and mean right aſcenſion (both reckoned 
either from the mean or apparent equinox) which 
may be called the equation of right aſcenſion. The 


queſtion, therefore, comes to this, How many mi- 
nutes and ſeconds of mean ſolar time doth the mean 


ſun take to move this diſtance to or from the 
meridian? Aſtronomers hitherto have allowed 1 mi- 
nute of time to every 15 minutes of right aſcenſion, 
and ſo in proportion; and, I apprehend, juſtly too; 
for does not the mean ſun, in returning to the me- 
ridian, deſcribe 360 about the pole in 24 hours of 


mean ſolar time; whence it is plain, that his depar- 


ture from the meridian is at the rate of 15 to 1 
hour, and 15 to 1 minute of mean ſolar time. 
| f | 8 Therefore 


ä f 13 ] 1 
Therefore aſttonomers have, not converted the equa» 
don of right aſcenſion iure die according ty the 


motion of the Primum Mobile; for, the equation of 


time being mean ſolar time, and the motion of the 


Primum Mobile being compleated in 23 H. 56 M. 


48. of mean ſolar time, therefore 15 motion of 


the Primum Mobile does not anſwer to 1 hour of 
mean ſolar time (though it does to 1 hour of ſidereal 
time) but to the 24th part of 23 H. 56 M. 4 8. or 


M. 50 % 8. And it appears, that the equation of 


time in the Connoiſſance des Mouvements Celeſtes 


has been computed in this manner, and the table in 
the 79th page of the Connoiffance for 1761 has been 
made uſe of, entitled, A table to convert into de- 
« grees the time of a clock regulated according to the 


tc mean motion of the ſun.” The degrees of this ta- 


ble are evidently degrees of the Primum Mobile, 

Y hour of mean ſolar time giving 15 2“ 27,8”, 
which anſwers to the motion of the ſtars from the 
meridian, but not to the mean motion of the ſun from 
thence, which is 15 to 1 hour of mean ſolar time: 
whence it appears, that this writer hath evidently 
fell into the miſtake of taking motion or ſpace of the 
Primum Mobile, inſtead of the mean motion of the 


ſun from the meridian ; an equal miſtake to that of 


which he erroneouſly ſuppoſes former mathemati- 
cians to have been guilty, in computing the equation 
of time. So that the equation of time in this ephe- 


meris, beſides the miſtake ariſing from the taking 


in the equation of the equinoctial points into the 
account, is conſtantly too ſmall in the proportion of 
24 hours to 23 H. 56 M. 4 S. or of 366 to 365, or 
too ſmall by 1 ſecond upon every 6 minutes of the 

ED ory | equation 
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—  _ equation of time: and the miſtake of 2: | 

__ which was ſu to be found in the old manner 
of reducing the equation of right aſcenſion into time, 

\ 8B really takes place in this new method; which, added 
to 1 ſecond of time, ariſing from the miſtake in 
r taking the preceſſion of the equinoxes into the ac- 
—_—_  - count, produces 3 4 ſeconds, an error which, I ap- 
—_— 1 the aſtronomical equation tables uſed ſincg 


„ 


a — 


_ Mr. Flamſtead's time have but rarely exceeded. 
THE | - To ſome, who are not well acquainted with the 
=_ preſent improved ſtate of aſtronomy, the difference 
in queſtion may ſeem a matter of indifference, and 
too trifling for notice. But, if truth is the object of 
13 all our enquiries, why ſhould we wilfully go beſide it 
_— . in the ſmalleſt matters? And is it not a juſtice due 
—_— to paſt aſtronomers, to whom we owe the founda+ 
—_ - tions of all our knowledge, to vindicate them even | 
—_— from the ſmalleſt cenſure, which they do not appear oy 
_ - to deſerve? At the ſame time, I flatter myſelf, that 
r the learned editor of the Connoiſſance des Mouvements 
$6. Celeſtes, and alſo the friends of the late illuſtrious Abbe 
—_ de la Caille, who, I believe, was inadvertently the 
mm _- | firſt author of this miſtake, will take no offence at my 
_—— endeayouring to clear up a point, which they, doubt- 
_ leſs for want of having given ſufficient attention to, 
A ſeem to have miſtaken: ſince, truth being the com- 
6 mon object of all out purſuits, we ought candidl 
1 to accept as well the aſſiſtance we receive from eac 
other for bringing us into the right road, when we 
happen to have ſtrayed from it, as for helping us. 
for ward on our journey. "Fo 
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